1. Introduction {#sec1}
===============

Cancer is a global health problem that has shown an increase in incidence and mortality rates in recent years. Worldwide, the occurrence of cancer is on the rise because of the increase in population as well as risk factors like smoking, obesity, physical inactivity, and urbanization; the data published by GLOBOCON conclude that ∼14.1 million new cancer cases and ∼8.2 million deaths occurred worldwide in 2012 [@bib1]. Tumor promotion is repeatedly accompanied by cellular, biochemical, and molecular events such as the generation of reactive oxygen species, depletion/suppression of antioxidant defense, acute inflammation followed by skin edema and hyperplasia, induction of cyclooxygenase (COX) activity, and increase in catalytic activity of ornithine decarboxylase and its messenger RNA (mRNA) expression [@bib2], [@bib3]. Tumor promotion is closely related to inflammatory mechanisms that stimulate the proliferation of initiated cells; however, natural compounds isolated form medicinal plants possess extraordinary anti-inflammatory and anticarcinogenic activities. Currently, chemotherapy is the only standby for cancer therapy, which has several disadvantages like the development of chemoresistance. Moreover, cytotoxic agents are effective against cancer but they cause serious damage to normal cells causing severe adverse effects and complications, such as fatigue, pain, diarrhea, nausea, vomiting, and hair loss. These agents cannot be used for cancer treatment; therefore, there is an urgent need to develop a potent medication that is effective for cancer treatment without any adverse effects [@bib4].

Natural compounds derived from plants have recently been gaining popularity because of their pharmacological and clinical effects in various diseases like cancer and neurodegenerative disorders. Therefore, there is a need to develop effective and reliable medication that can be pharmacologically as well as naturally accepted as a source of treating major disorders. Ginseng is the most reliable medicinal herb used in Asia and North America. Ginsenosides isolated form ginseng belongs to the family of steroids with a four trans-ring steroid skeleton divided into several groups, but there are two major functional groups based on their C6 position, namely: (1) protopanaxadoil (PPD) belongs to dammarane-type ginsenosides such as ginsenosides Ra1, Ra2, Ra3, Rb1, Rb2, and Rb3; (2) notoginsenoside R1, R2, Rs1, and Rs2; (3) quinquenoside R1; (4) malonylginsenoside Rb1, Rb2, Rc, and Rd ([Fig. 1](#fig1){ref-type="fig"}); and (5) protopanaxatrion (PPT) also belongs to dammarane-type ginsenosides which includes Re, Rf, Rg1, and notoginsenoside Rh1 ([Fig. 1](#fig1){ref-type="fig"}), while ocotillol and oleanane groups are the minor groups [@bib5], [@bib6], [@bib7]. The new class of heat-processed Korean ginseng (steamed at 98--100°C for 2--3 h), sun ginseng (steamed at 120°C for 2--3 h), and black ginseng (repeatedly steamed and dried 9 times) appears to have decreased content of common ginsenosides (Rb1, Rc, Rd, Re, and Rg1) but comprises an array of ginsenosides that includes Rg5, Rk1, Rk2, Rk3, Rs4, Rs5, Rs6, and Rs7 [@bib4], [@bib8], [@bib9]. Such changes in composition of ginsenosides give heat-processed ginseng its unique anticancer properties. Recently, a novel glycolipoprotein from *Panax ginseng*, known as gintonin ([Fig. 2](#fig2){ref-type="fig"}), was identified, which consists of a complex of lysophosphatidic acid (LPA) and ginseng proteins [@bib10]. Gintonin consists of approximately 9.5% of LPA which majorly comprising of C~18:2~ [@bib11], which plays an important role in proliferation and migration of cells in vascular development and neurite reaction. LPA receptor-mediated cellular effects are coupled with brain development, angiogenesis, embryo implantation, spermatogenesis, and wound healing [@bib12]. Gintonin is a potential ginseng compound with diverse molecular mechanisms and could be a breakthrough in pharmacological studies and development of novel drugs.Fig. 1Classification and chemical structure of ginsenosides based on sugar attachments on the skeleton and R groups of ginsenosides. (A) Protopanaxatriol, (B) protopanaxadiol, (C) oleanolic acid, and (D) ocotillol.Fig. 1Fig. 2Major groups of *Panax Ginseng* along with new compounds isolated from Ginseng, their biological and anti-cancerous activity against different cell lines.Fig. 2

Ginsenosides have numerous pharmaceutical activities, such as enhancing cardiovascular health [@bib13], stimulation of immune function [@bib14], increasing resistance to stress [@bib15], [@bib16], enhancing learning and memory [@bib17], developing mental health, and social functioning in normal adults [@bib18], [@bib19]. Ginsenosides also have shown strong chemoprotective and chemotherapeutic properties in a wide range of experimental studies both *in vitro* and *in vivo* [@bib20], [@bib21]. Moreover, researchers have been interested in studying the role of microRNA (miRNA), which act as a group of small noncoding RNAs that regulate gene expression post-transcriptionally, and play an important role in regulating cellular mechanisms such as proliferation, differentiation, cell cycle, and apoptosis [@bib22], [@bib23]. miRNAs appear to be important gene regulators and key players in carcinogenesis by acting as oncogenes or tumor suppressors [@bib24]. Nonetheless, the focus has been directed towards novel antiangiogenic agents, and data obtained from microarray-based miRNA experiments show that ginsenoside Rg1 induces angiogenesis, which increases production of angiogenic factors, endothelial nitric oxide (NO) synthase [@bib25], angiogenic receptors, and vascular endothelial growth factor receptor 2 in human umbilical vein endothelial cells [@bib26]. The data suggest that miRNA-related gene expression plays an important role in ginsenoside-mediated angiomodulation.

There have been efforts to identify compounds in ginseng that possess anticancer activity. The use of some of these compounds is widely accepted and they are available worldwide. Four countries, Korea, Canada, China, and the USA, are the biggest producers and the total production is ∼79,769 tons, and the global ginseng market including roots and other processed parts is estimated to be \$2,084 [@bib27]. Our goal is to develop a suitable alternative medicine that has antioxidant as well as anticancer properties; therefore, this review specifically emphasizes the ginseng-derived components, ginsenosides, with anticancer activity, and recent advances in the use of ginsenosides in cancer treatment.

2. Anticancer activities of ginsenosides {#sec2}
========================================

Inflammation can derive from both virulent and nonvirulent processes of chronic injury or irritation. The response leads to recruitment of mast cells and leukocytes, with consequent release of free radicals including reactive oxygen species (ROS) that damage macromolecules including DNA and lipids [@bib28]. Cellular and genomic damage occurs as a part of free radical activity and other byproducts. The release of signaling molecules like eicosanoids triggers cell proliferation, which expedites carcinogenesis [@bib28], [@bib29]. Inflammation is considered a well-established cancer risk factor that leads to genetic and epigenetic damage, as well as unnatural activation of oncogenes, which causes cancer progression and malignant phenotypes of remodeling, angiogenesis, metastasis, and suppression of innate immune responses [@bib21], [@bib30], [@bib31]. Therefore, extensive efforts have been made to develop anticancer drugs that show potential effects *in vitro* as well as *in vivo*. With regard to this effort, a number of natural compounds extracted from plants, such as ginsenosides, which are excellent candidates because of their low toxicity and antiangiogenic nature. Ginseng extracts have been reported to possess gastroprotective activity [@bib32], suppress allergic inflammation factors such as interleukin (IL)-4 and IL-5 [@bib33], and suppresses expression of tumor necrosis factor-α and IL-8 in HaCaT cells under LPS treatment [@bib34]. Saponins isolated from Korean Red Ginseng have been reported to suppress NO production, mRNA levels of inducible NO synthase, interferon-β, and COX-2, and block the transcriptional activation of cAMP response element binding protein, activating transcription factor 2, and interferon regulatory factor 3 in LPS-treated macrophages [@bib35]. Research on *in vivo* anticancer studies subjected to Korean wild ginseng (joboksansam), which represses the viability of RMA cells in a dose-dependent manner, implying direct cytotoxicity, suggests that joboksansam acts as one of the major components in anticancer activity [@bib36]. Individual ginseng and extracts like compound K, Rh1, G-F2, G-Rg3, and G-Rp1 possess antiproliferative and anticancer properties [@bib37], [@bib38], [@bib39], [@bib40], [@bib41]. Furthermore, ginsenoside G-Rg3 saponin extracted from ginseng has effective antitumorigenic, antiangiogenic and antifatigue activities [@bib42], [@bib43], and induces apoptosis of human scar fibroblasts [@bib44], [@bib45]. Lee et al. [@bib46] have concluded that G-Rg3 in combination with cisplatin significantly inhibits the growth of cisplatin-resistant bladder cancer cells. Stereoisomers, 20(R)-Rg3 and 20(S)-Rg3, differing in orientation of the OH group on C-20, inhibit tumor metastasis [@bib47]. Studies on cancer invasion and metastasis are of great therapeutic value. Ginsenoside 20(R)-Rg3 potentially inhibits cancer progression *in vitro* and *in vivo* by blocking hypoxia-induced epithelial--mesenchymal transition in ovarian cancer cells by reducing expression of hypoxia-inducible factor-1α and activating the proteasome pathway [@bib48]. 20(R)-Rg3 also acts as a dominant inhibitor of gallbladder cancer growth via activation of the p53 pathway and subsequent cellular senescence *in vitro* and *in vivo* in a dose-dependent manner [@bib49]. The associated ginseng-derived 20(S)-ginsenoside Rh2 induces apoptosis in Reh leukemia cells through the mitochondrial signaling pathway [@bib50]. Ginsenoside Rh2-B2 exerts an anti-inflammatory response by regulating tumor necrosis factor-α, IL-1β, IL-6, and IL-10, inhibiting phosphorylation of mitogen-activated protein kinase, and activation of nuclear factor (NF)-κB in LPS-treated RAW264.7 cells [@bib51]. Ginsenoside Rk1 suppresses tumor activity in HepG2 cells by arresting the cell cycle at G1 phase (an early stage which proceeds apoptosis) in a dose-dependent manner [@bib52]. Ginsenoside Rd downregulates expression of iNOS, COX-2, and NF-κB, and suppresses phosphorylation of extracellular signal-regulated kinase and C-Jun N-terminal kinase in carrageenan-induced rat paw edema [@bib53]. In MCF-7 cells, ginsenoside Rg1 inhibits phorbol-myristate-acetate-induced matrix metalloproteinase-9 activity through suppressing NF-κB-mediated migration and invasion of breast cells [@bib54]. A recent study using sun ginseng with a specific formulation of quality-controlled red ginseng containing equal amounts of major ginsenosides (RK1, Rg3, and Rg5) showed marked enhancement of cancer cell death induced by epirubicin or paclitaxel in human cervical adenocarcinoma HeLa cells, human colon cancer SW111C cells, and SW480 cells [@bib55]. *Panax ginseng* is well known for its control of gene expression. The antiapoptotic and anticancer activity of Korean White Ginseng and Korean Red Ginseng has been a topic of study for many years. Recently, it was found that PPD-derived ginsenosides exhibit more cytotoxic properties, which was observed with Korean Red Ginseng, and inhibit human breast cancer cells (MCF-7), in comparison to PPT-derived ginsenosides [@bib56]. Similarly several ginseng components, such as PPD, PPT, G-Rg3, and G-Rh2 suppress survival and invasiveness, and promote apoptosis in A549 (adenocarcinoma cell line) and SK-MES-1 (a lung squamous cell line) cells. Among these, PPT is a potential extract for addressing lung cancer [@bib57]. Growth inhibition is the key feature in cancer therapy. It has been observed that AMP-activated protein kinase (AMPK) can act as an antiapoptotic molecule. Ginsenoside Rh2, a ginseng saponin, is suggested to have anticancer properties, based on a study performed in HepG2 cells that showed that AMPK activity is caused by ginsenosides-Rh2-mediated ROS generation, which contributes to cancer cell growth and survival [@bib58]. Ginsenoside Rh2 hinders migration of HepG2 carcinoma cells by recruiting histone deacetylase, thus inhibiting activator protein-1 transcription factor [@bib59]. Korean Red Ginseng extract acts as a cytoprotective agent by preventing the induction of mitochondrial dysfunction, which might be associated with AMPK activation in hepatocytes [@bib60]. 20-O-β-D-glucopyranosyl-20(S)-protopanaxadiol, a metabolite of ginseng saponin, causes apoptosis in colon cancer cells through induction of cytoplasmic Ca^2+^, decreases cell viability, increases annexin-V-positive early apoptosis, and induces sub-G1 phase accumulation and condensation of CT-26 murine colon cancer cells *in vitro*, and suppresses tumor growth *in vivo* [@bib61]. It has been postulated that ginsenosides CK and Rg3 induce apoptosis via the calcium/calmodulin-dependent protein kinase kinase--AMPK pathway in HT-29 colon cancer cells, and these activities have been confirmed through the use of compound C (chemical inhibitor of AMPK) or small interfering RNA for AMPK or STO-609 9 (a chemical inhibitor for calcium/calmodulin-dependent protein kinase kinase) [@bib62], [@bib63]. Thus, further studies are needed to define the stage of cancer progression in which to use AMPK activation for efficient cancer treatment ([Table 1](#tbl1){ref-type="table"}).Table 1Anticancer activities of ginsenosidesTable 1GinsenosidesFunctionsCancer typesTarget moleculesRefsRb1Inhibition of invasion and migrationLiver cancerNrf2[@bib25], [@bib46]Rb2Inhibition of metastasis and proliferationOvarian cancerROS[@bib26]Rg3Induction of apoptosis of cancer cells\
Inhibition of viability and invasiveness\
Inhibition of angiogenesisGastric cancer\
Lung cancerCOX-2, NF-κB, BCL-2, BAX, c-Fos, c-Jun, VEGF, Caspases[@bib30], [@bib34], [@bib78]Rh2Inhibition of tumor migration, ROS generation, and cancer cell growth\
Changes in miRNA expression level\
Inhibition of chemoresistancePancreatic cancer\
Liver cancer\
Lung cancer\
Brest cancerMAPK, NF-κB, AP-1, CDKs[@bib33], [@bib57], [@bib76]Compound KInduction of apoptosis of cancer cellsLung cancer\
Colon cancerROS, c-Jun, JNK, CaMKK-AMPK[@bib45], [@bib47], [@bib53]RdInhibition of metastasis\
Decrease in the expression of miRNA-18aLiver cancer\
Mammary cancerSmad2, iNOS, COX-2, NF-κB[@bib75]Rg1Inhibition of invasion and migrationBreast cancerMMP-9, NF-κB[@bib32]Rk1Inhibition of telomerase activity and cell proliferation\
Induction of apoptosis of cancer cells\
Induction of G1/S phase arrest and autophagyLiver cancerCaspases, Cyclin[@bib27]Rg5Inhibition of cell cycleCervical cancer\
Gastric cancer\
Colon cancer\
Lung cancer\
Liver cancerCyclin, CDKs[@bib27]Sun ginseng (Rk1, Rg3, Rg5)Induction of apoptosis of cancer cellsCervical cancer\
Colon cancerCaspases, BAX, BAK[@bib11], [@bib12]GintoninInhibition of metastasis and proliferationMelanoma[@bib81][^1]

3. Chemoprevention and ginsenosides {#sec3}
===================================

The incidence of skin carcinogenesis has been rapidly increasing due to depletion of the ozone layer and resulting changes in environmental conditions [@bib64]. It was reported that Korean Red Ginseng had a potentially therapeutic effect on skin cancer [@bib65]. It has also been reported that ginseng root extract causes a significant reduction in oxidative stress and inhibits skin tumors, which proves that it has the potential to act as a chemopreventive agent [@bib66]. Oral ginsenoside Rp1 before and after initiation significantly reduces the incidence and multiplicity of chemically induced mouse skin papilloma [@bib67]. Several ginsenoside, including Rg3, Rh2, Compound K, PPD, and PPT have been observed to inhibit P-gp multidrug resistance, which leads to enhanced activity of chemotherapeutic drugs within cancer cells and increases lifespan in mice [@bib68], [@bib69], [@bib70]. Combination of western medicines and ginseng has been a topic of interest. Consumption of American ginseng with warfarin reduced the effect of the anticoagulant in a double-blind placebo-controlled study [@bib71]. However, to date, there is no convincing study that has proved that ginsenosides diminishes the effect of chemotherapy. Thus, further studies are needed.

4. Scavenging activity of ginsenosides {#sec4}
======================================

There are different types of antioxidants produced in plants, which makes them interesting to study and use in pharmacological research, and to develop drugs with few or no adverse effects. These plant-based antioxidants play an important role in maintaining human health. It has been suggested that water, methanol, and ethanol extracts of wild ginseng leaves can scavenge free radicals. Ethanol extract showed the highest scavenging of 2, 2-diphenyl-1-picrylhydrazyl and hydroxyl radicals, and ferrous ion chelating activities, whereas water extract showed the highest superoxide radical scavenging activity [@bib72]. Ginseng cultivated and grown naturally under mountainous forests, also known as Lin-Xia-Shan-Shen, showed higher antioxidant activity in comparison with garden ginseng, by inhibiting formation of thiobarbituric acid-reactive substance [@bib73]. Studies in mice have shown that ginsenoside Rg3 has an inhibitory effect on oxidative stress by upregulating the activity of catalase, superoxide dismutase, and lysozyme, and by reducing xanthine oxidase activity and the levels of malondialdehyde and NO in several organs [@bib74]. Ginsenoside Rb1 can directly react with hydroxyl radicals and hypochlorous acid, two of the strongest ROS to protect DNA [@bib75]. It is also reported that ginsenosides have a positive effect by inhibiting hydrogen radicals but the activity has not been determined [@bib76], [@bib77], [@bib78]. Oral ginsenosides have antioxidative activity in humans [@bib79]. One recent study on ginsenosides Rb1, Rg1, and 20S showed activation of the Nrf2-mediated oxidative pathway, which is the key regulatory pathway against oxidative stress [@bib80]. Antioxidative and hepatoprotective effects of red ginseng oil confirm its ability to protect cells/tissue against oxidative damage by activation and induction of antioxidant enzymes through inhibiting the MAPK pathway [@bib81]. Compound K from ginseng enhances gamma-ray-induced apoptosis via generation of ROS and disruption of the mitochondrial membrane in human lung cancer cells [@bib82]. Compound K induces apoptosis and autophagy in HCT-116 colon cells, increases ROS levels, and activates JNK signaling [@bib83].

5. Expression of miRNAs in cancer and in response to ginsenosides {#sec5}
=================================================================

miRNAs are endogenous, single-stranded, noncoding RNAs with 22 nucleotides, which play an important role in gene expression by targeting 3′-untranslated regions, resulting in mRNA degradation or translational repression [@bib22].

*Panax notoginseng* saponin inhibits breast cancer metastasis in mice [@bib84]. It also suppresses tumor growth and decreases miRNA-18a expression in tumors derived from Lewis lung carcinoma cells [@bib85]. Ginsenoside Rd also has neuroprotective and cardioprotective actions, as well as inhibitory activity against metastasis of hepatocellular carcinoma HepG2 cells [@bib86], [@bib87], [@bib88]. Rd also decreases expression of miRNA-18a and increases expression of Smad2 mRNA and protein expression in 4T1 cells and 4T1-cell-derived tumors [@bib89]. Several studies have shown that ginsenoside Rh2 mediates changes in miRNA expression profiles in human lung cancer A549 cells, and inhibits glioma cell proliferation by targeting miRNA-128 [@bib90], [@bib91]. It is proposed that Rh2 mediates drug-resistance-specific miRNA, which can regulate target genes through gene regulatory networks, and inhibit development of drug-resistant tumor cells, thus improving treatment effect [@bib92]. miRNAs have the potential to regulate multiple functionally related genes, making them new candidates for cancer intervention. Various ginsenosides have recently been studied and postulated to modulate miRNA, which has attracted much attention. For example, ginsenoside Rg3 induces angiosuppression and mediates miR-520h by suppressing EphB2 and EphB4 expression [@bib93]. Rg3 also inhibits leukemia effect because of its antiangiogenic activity, by inhibiting the phosphoinositide 3-kinase/Akt and extracellular signal-regulated kinase 1/2 pathways [@bib94]. Ginsenoside Rg1 downregulates miR15b expression in human umbilical vein endothelial cells, which leads to cell migration, tube formation, and angiogenesis [@bib26]. The focus has been on discovering antiangiogenic agents such as TNP-470 and thalidomide, although the pharmacological mechanisms are still unclear.

6. Pharmacology of gintonin, a novel ginseng-derived compound {#sec6}
=============================================================

Studies have demonstrated that ginseng contains various types of LPA receptors, which are endogenous phospholipid-derived growth factors with diverse biological effects. Gintonin comprises carbohydrates, lipids, and proteins such as ginseng latex-like protein and ginseng ribonuclease-like storage protein, also known as G-protein coupled receptor, which is a novel class of glycolipoprotein in ginseng (ginseng contains 0.2% gintonin) that induces intracellular Ca^2+^ increase in mammalian cells [@bib11]. Gintonin also provides the diverse effects of ginseng that ginsenosides cannot [@bib95]. Gintonin controls the release of hormones and neurotransmitters, resulting in long-term potentiation and enhancement of synaptic transmission, therefore, gintonin modulates cell--cell communications via neurotransmitters, which leads to cognitive behavior [@bib96], [@bib97]. Gintonin exerts antimetastatic and antitumor activity, blocks cell migration at low concentration, and oral gintonin and LPA decrease metastatic lung nodule formation [@bib98]. Gintonin inhibits the amyloidogenic pathway that produces soluble amyloid precursor protein-α in neurons by activating LPA receptors [@bib99]. Long-term oral administration of gintonin significantly inhibits amyloid plaque deposition and short- and long-term memory impairment in a transgenic mouse model of Alzheimer\'s disease [@bib99]. Therefore, gintonin may act as a critical molecule for memory improving effects that have been proven in human trials. Gintonin exerts significant neuroprotective, antimetastatic, and antitumor activities, which could make it a major candidate for developing ginseng-derived medicine and alternative products. Gintonin is now regarded as a part of ginseng, in contrast to LPA, which is responsible for different biological events through ginseng-mediated G-protein coupled receptor signaling. Although development of a new drug targeting LPA receptor is in progress, gintonin can provide an alternative for dealing with medical conditions related to LPA.

7. Conclusions and perspectives {#sec7}
===============================

Our understanding of ginseng has dramatically advanced in the last few years; a plethora of research related to pharmacology of ginseng has been helpful in identifying the functions and benefits of ginsenosides in the nervous, cardiovascular, and immune systems. Ginseng has been used as a substitute for drugs in the treatment of cancer patients in Asian countries. Based on our review, ginseng has potential as an anticancer agent because of its antiproliferative, anti-inflammatory, and antioxidant effects. Ginseng has great potential for providing diverse mechanisms for cancer treatment. Moreover, the ability to kill cancer cells while causing relatively little toxicity to normal cells makes ginsenosides attractive candidates for drug development. High-throughput expression analysis will help to identify molecular mechanisms and effects of different ginsenosides. We should explore how Chinese medicine can reverse and inhibit chemotherapy resistance from a clinical point of view. Few studies have looked at ginseng-induced molecular alterations, including changes in cytokine secretion, antibody production, marker expression, and cellular functions such as phagocytosis and cytotoxicity. In order to study the molecular mechanisms underlying the effects of ginseng, a more detailed and in-depth analysis is needed. Hundreds of studies have been published to prove the anticancer and anti-inflammatory effects of ginseng and ginsenosides, which are mainly through immunity consisting of cytotoxic cells, while other approaches such as apoptosis, angiogenesis, miRNA activity, and chemopreservation are also involved. Further studies are needed to determine why ginsenosides have toxicity towards tumor cells. Finally, a comprehensive review of anticancer effects from the clinical and therapeutic pharmacological point of view would be useful.
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[^1]: AMPK, AMP-activated protein kinase; AP-1, activator protein-1; BCL-2, B-cell lymphoma 2; CaMKK, calcium/calmodulin-dependent protein kinase kinase; Calcium/calmodulin-dependent protein kinase kinase 2 CDK, cyclin-dependent kinase; COX-2, cyclooxygenase-2; iNOS, inducible NO synthase; JNK, C-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; MMP-9, matrix metalloproteinase-9; NF-κB, nuclear factor-κB; ROS, reactive oxygen species; VEGF, vascular endothelial growth factor
